The purpose of this paper is to present briefly the medico-surgical histories of eight new cases of hypertrophic pyloric stenosis occurring in five pairs of twins, and by an analysis of the literature on twins and by the application of the 'twin method' to look into some 'of the related, less practical but basically important' questions pertaining to the relative role of heredity and environment in the aetiology of hypertrophic pyloric stenosis of infancy.
Tbe 'Twin Method' The value of the 'twin method' is based on the fact that there are two distinct types of twins. The monozygous or identical twins, because of their development from a single fertilized ovum, have, gene for gene, identical genetic constitutions. The dizygous or fraternal twins, on the other hand, because of their development from two separate fertilized ova, differ in many genes, and are no more alike genetically than siblings who are born separately. If in an unselected series of twins it is found that the condition under investigation occurs far more frequently in both of monozygotic than in both of dizygotic twins, it is justifiable to conclude that the higher degree of concordance among the monozygotic group is indicative of a genetic aetiology. The importance of the environmental influences may be estimated from the amount of discordance found among monozygotic twins. When the degree of concordance among monozygotic twins is no greater than among dizygotic twins, then it is very likely that environment is the primary aetiological factor. The usefulness of the 'twin method' of study is completely lost, however, unless numerous biases that may occur from various sources are avoided or kept at a minimum. The nature of some of these biases is discussed later when the literature is reviewed.
Case Histories The summaries of eight case histories of patients who are twins are presented below. Three of the twin pairs are concordant; therefore only five sets, four of like and one of unlike sexes, are involved. The similarities between pairs in physical appearance (hair and eye colour, iris pattern, ear and nose shape, etc.), finger prints, blood groups (0, A1, A2, B, M, N, C, D, E, c, e) and ability to taste PTC (two of the pairs were too young to be tested for this characteristic) support a diagnosis of monozygosity in all four sets of twins of like sex. The close agreement between co-twins in the above tests makes it highly improbable that any one of the four like-sexed pairs is dizygotic. Three of the twin pairs (Table I The twins, the product of the fifth pregnancy of a 35-year-old woman, were bom two weeks prematurely.
On admission Twin A (birth weight 5 lb. 14 oz.) had projectile vomiting, constipation and loss of weight. Peristaltic waves were visible during a feeding and a tumour was palpated in the area of the pylorus. Three days after admission a Fredet-Rammstedt pyloromyotomy was performed and the diagnosis of hypertrophic pyloric stenosis was confirmed.
Twin B (birth weight 6 lb. 3 oz.) was admitted at the same time and with the same symptoms as his identical twin. The diagnosis was confirmed at operation.
The parents and four older siblings are alive and well.
The mother reports that she had influenza during the last trimester of the pregnancy otherwise the prenatal history is not informative. Lanz (1934) Brauns (1934) Knauer (1937) Walrn ( ) Wallen (1937 Walgen (1937) Schmid ( Whenever the 'twin method' is employed in order to evaluate the relative roles of heredity and environment as aetiological factors in the production of a specific characteristic, four conditions must be rigidly met before an analysis is undertaken. The validity of conclusions derived by the twin method of investigation is directly proportional to the care exercised in observing these conditions. First, the diagnostic criteria which will constitute a 'case' must be well defined and no individual must be included in the analysis who does not satisfy these criteria. The signs and symptoms of hypertrophic pyloric stenosis are clear cut and the diagnosis as a rule is made readily; however, because of the occasional difficulty that is encountered in differentiating between pylorospasm and hypertrophic pyloric stenosis (as evidenced by the seventh case history given above), and because sufficient diagnostic evidence is not always given, it has been decided to accept for final analysis only those cases that had a hypertrophic pylorus positively identified either at operation or at necropsy. It is admitted that this procedure will eliminate many reports which are indeed of pyloric stenosis, but it was felt that it was better to exclude some true cases than to include some false ones.
Secondly, the concordance or discordance of the twins must be accurately established. This is of 354 17-18, 20-21, 54, 70, 75, 84, 88, 101-106, 122 and 128 must be omitted.
When the twin pairs with insufficient reported evidence for their zygosity are omitted from the analysis, 18 monozygous and 29 dizygous twins remain. The concordance of the two groups is 66-70o and 3-40o respectively. Furthermore, the monozygotics constitute 38 30o of the total indicating that this third list of pairs is less biased than either the first or second ( Table 2 ). The 47 pairs of twins that remain for Analysis III are either of unlike sex or ample proof is presented to support the zygosity stated. Furthermore, the diagnosis of the affected individuals has been established either at operation or at necropsy. There is, too, sufficient reason for believing that the unaffected individuals are indeed free of hypertrophic pyloric stenosis. Discussion Aetiology. Flanagan (1951) in his review of the main theories of hypertrophic pyloric stenosis, group.bmj.com on November 7, 2017 -Published by http://adc.bmj.com/ Downloaded from ARCHIVES OF DISEASE IN CHILDHOOD remarked that 'many theonres as to the cause of this condition are advanced but no one has found a single theory that is acceptable'. Some of the manifold theories that have been put forward are differential tonicity between the musculature of the pyloric sphincter and the rest of the pyloric canal (Lehmann, 1931) ; mechanical irritation by the milk curds (Ladd and Gross, 1941) : hormonal influence (Stolte, 1929; Malmberg, 1949) ; hereditary malformations (Torgersen, 1949) ; atopical embryonic tissue rests (Torkel, 1905) ; developmental anomaly (Farkas, 1950) ; seasonal variation (Rinvik, 1940) ; hyperacidity (McKechnie, 1913) ; inherited 'neuropathic taint' (Pitfield, 1925) ; prenatal swallowing of liquor amnii (MacHaffie, 1927) ; injury to central nervous system refuted by Lanman (Lanman and Mahoney, 1933) ; developmental hyperplasia (Donovan, 1937) ; hypertrophy preceding spasm (Donovan, 1938 ); Pirie's hypersecretion of epinephrin theory (see MacHaffie, 1927) ; parallelism between pyloric stenosis in infants and peptic ulcer in adults (Spock, 1944) ; 'humoral transmission of some product of maternal tension to the foetus' (Spock, 1944) ; racial disposition refuted by Ladd (Ladd, Ware and Pickett, 1946) ; genetic (Cockayne and Penrose, 1943; Lamy, Pognan, Marillier, Jammet and Cordier, 1949) ; and a host of others.
Since none of the proposed theories explains adequately the development of the hypertrophy of the pylorus it will senre no useful purpose to present these in any detail. It may be noted, however, that most of these theoretical considerations rely upon some intra-uterine influence (maternal hormone, etc.) for their explanation. Typical of these is Stolte's theory (1929) The three twin pairs (Nos. 129, 131 and 132) which came to my attention through the Children's Memorial Hospital are included in a series of 249 cases which were operated upon for hypertrophic pyloric stenosis. Among these 249 cases there are two additional cases which were one of twins. Both of these twin pairs were like sexed-one two boys, the other two girls but unfortunately one twin in each case died soon after birth of causes other than pyloric stenosis, and therefore nothing can be said about their zygosity or about their concordance since they died before the average age of onset for hypertrophic pyloric stenosis. Such twin pairs, as has been mentioned earlier, give no information.
In the 249 cases operated on for hypertrophic pyloric stenosis, therefore, there were six individuals representing five pairs of twins who were described by their parents as twins. The ratio of twin to singletons in this series, therefore, is 1:41 5 (Table 3 ). This ratio is not significantly different from that found in other series and from the twin ratio in the population as a whole.
Concordance in Dizygotic Tirns. Five out of 38 pairs of dizygous twins in Analysis II, and one pair out of 29 in Analysis III (Table 2) were concordant for hypertrophic pyloric stenosis. The explanation of concordance in dizygous twins is an easy one, (Nos. 31, 99, 107, 108, 110 and 132) seem to fulfil the rigid conditions laid down, and therefore it cannot be said that perhaps they are not monozygotic or that the 'unaffected' twin is an asymptomatic case.
The two discordant monozygotic pairs (Nos. 31 and 99) of Sheldon (1938) and Garrison (1949) were reported as being monochorionic and, if one accepts the monochorionic report, then this is conclusive evidence for monozygosity. Furthermore in both of these sets of twins there was additional supporting evidence for monozvgositv. In Powell and Carter's (1951) three twin pairs (Nos. 107, 108 and 110), and in my own case (No. 132) zygosity has been based on many tests, including finger-prints and blood groups, making it highly unlikely that any of these four pairs are dizygotic.
There still remains the argument that the healthy twin may indeed be affected but asymptomatic. This possibility has been ruled out particularly well in the three twin pairs reported by Powell and Carter (1951) , for the healthy twin in each case was examined with considerable care including close observation for peristalsis during a feed. In two of the pairs, the normal twin was also examined radiologically, but no obstruction was noted and there was no delay in eliminating the barium. Furthermore, the healthy twin in each of the three cases has remained well.
Summary and Conchlions
Four monozygotic pairs of twins, three concordant and one discordant for hypertrophic pyloric stenosis, and one dizygotic discordant pair are presented. The five new pairs are combined with 127 pairs reported in the literature and an analvsis is made employing the 'twin method'. For the final analysis only those cases were accepted where the hypertrophic pylorus was identified unequivocally at operation or at necropsy, and where there was ample evidence for the reported zygosity. Of the 132 twin pairs only 47 satisfied these conditions. Of these 18 were monozygotic and 29 dizygotic. Twelve (66 7°o) of the monozygotic twins were concordant for the condition whereas only one (3 4900) of the 29 dizygotic twins was concordant. From a study of twin cases, therefore, there seems to be little doubt that there is a hereditary factor involved in the aetiology of hypertrophic pyloric stenosis. It also appears evident that some pre-or post-natal factor may be necessary for the development of the hypertrophy, and that such an environmental factor may be effective in one of a twin pair even when the twins are genetically alike.
